SUMMARY -Difficult tracheal intubation (DI) is more common in thyroid than in other surgical branches due to thyromegaly. Proper preoperative airway evaluation is necessary in order to reduce the potential numerous complications. The study examined the incidence of DI in thyroid surgery and the influence of tracheal dislocation and other risk factors on DI. A prospective study was conducted on 2379 patients who underwent thyroidectomy at the Center for Endocrine Surgery, Clinical Center of Serbia, from 2007 to 2012. Patients were divided into groups with (n=162) and without DI (n=2217). Besides tracheal dislocation, another 13 risk factors contained in 13 screening tests and three additional factors of gender, age and diagnosis were defined. The incidence of DI in our study was 6.81%. The presence of tracheal dislocation was statistically significant, but not an independent predictor of DI. The diagnosis, large circumference and small neck length, previous DI, recessive mandible, tooth characteristics and oral anomalies were the most significant and independent predictors of DI. Neck circumference and small neck length had highest sensitivity. Previous DI had highest specificity. Thyromegaly, if causing tracheal dislocation and/or stenosis, represents a significant DI predictor, not individually, but in combination with other factors.
Introduction
It is well known that the causes of difficult intubation (DI) of the trachea can be congenital and acquired anomalies, especially anomalies of the head and neck. Among the acquired causes, endocrine disorders including thyroid gland diseases occupy an important place 1, 2 . Thyroid gland diseases often are associated with thyromegaly, which, on the one hand, leads to increased neck size, especially its circumference, which is a known predictor of DI in other branches of surgery. On the other hand, enlarged thyroid can compress the trachea and lead to its deviation (dislocation) and/or stenosis. Although trachea dislocation (deviation of the trachea from the midline by more than 1 cm) has always been associated with DI, a small number of published papers confirm this assertion. In more severe cases, compression of the trachea may lead to its stenosis, if the lumen narrowing is greater than 30%. Severe tracheal stenosis (over 70% of its normal lumen width) results in progressive steady-state dyspnea and such patients are at greatest risk of various complications during airway management, including total airway obstruction 3, 4 . The existence of tracheal dislocation and stenosis at the same time certainly represents the most difficult clinical doi: 10.20471/acc.2016.55.s1.01
Nevena Kalezić et al. Predictors of difficult airway management in thyroid surgery scenario. Unfortunately, this scenario is often seen precisely in thyroid surgery and requires vast knowledge and experience of the anesthesiologist. Numerous studies showed a high incidence of DI in thyroid surgery, ranging from 5.3% to 16.5% [5] [6] [7] . However, we still cannot certainly claim which methods of preoperative evaluation of the airway have the highest predictive value in assessing possible DI because there are not enough well-documented studies.
The aim of our study was to investigate the incidence of DI in thyroid surgery, the influence of tracheal dislocation and/or stenosis on DI, and to analyze other risk factors for DI that were part of the scoring scale created in our Center and adapted to our patients.
Patients and Methods
We conducted a prospective study on 2379 patients undergoing surgery of the thyroid gland at the Center for Endocrine Surgery, Clinical Center of Serbia, during the period from 2007 to 2012. Patients were divided into groups with DI (162 patients) and without DI (2217 patients). In addition to tracheal dislocation/stenosis, we defined another 13 risk factors that were part of 13 screening tests used in the prediction of difficult intubation and three additional factors of gender, age and diagnosis: nodular goiter, multinodular goiter, toxic adenoma, hyperthyroidism, papillary cancer, medullary cancer, anaplastic cancer, postoperative hematoma, Hashimoto thyroiditis, recurrent goiter, struma permagna, retrosternal goiter and multinodular toxic goiter.
Difficult intubation was defined as tracheal intubation without visualization of the glottis during laryngoscopy (grade III or IV according to Cormac-Lehane laryngoscopy classification) 8 . Several maneuvers if applied during intubation were taken into account (external pressure on the larynx, use of intubation stylet). Also, the number of attempts and duration of intubation were taken into account, which is consistent with the criteria of the American Society of Anesthesiologists 9 . Intubation was performed by four experienced anesthesiologists and anesthesiology residents. In order to predict DI, 14 parameters, i.e. potential risk factors were used and scored with 0-2 points (0 no risk, 1 moderate risk, and 2 high risk), with maximum score of 28. A total score higher than 5 was considered as a predictor of DI occurrence (Table 1) . Three additional potential risk factors of gender, age and surgical diagnosis were included.
Statistics
Data collected through preoperative evaluation of the airway were entered into the electronic database. Statistical analysis was performed with SPSS 18.0 for Windows (SPSS Inc., Chicago, IL, USA). The methods of descriptive and analytical statistics evaluated the specificity and sensitivity of each risk factor. Data were presented as mean, standard deviation and median. For comparison of characteristics between the study groups we used Pearson's c 2 -test (contingency tables). Selection of tests for the analysis of numerical variables depended on the nature of their distribution, which was evaluated using Kolmogorov-Smirnov test. To test for differences between patients with and without DI with nonparametric data, Mann Whitney U test was used. Logistic regression was used to determine differences between the groups of patients with and without DI, as well as to determine odds ratio for the observed risk factors and the probability of the occurrence of DI. The level of statistical significance was set at p<0.05.
Results
The incidence of DI in our study was 6.81%. Gender, age and surgical diagnosis were significantly different between the two study groups ( Table 2 ). All 14 potential risk factors/tests for assessing the airway were statistically significantly different between the two patient groups (Table 3 ). Since the univariate logistic regression analysis showed statistical significance for all 14 tests, three additional variables that were examined (gender, age and surgical diagnosis) and overall maximum value risk score (R >5), multivariate logistic regression analysis was performed, which showed that thyroid gland disease, previous DI, recessed (retrognathic) mandible, size, appearance and position of teeth, oral anomalies, and neck circumference and length were the strongest predictors of DI (Table 4) . The highest sensitivity was recorded for neck circumference and length, and highest specificity for positive history of previous DI (Fig. 1) .
The number of attempts of intubation, duration and method of intubation are shown in Table 5 . The prevalence of subjects with DI methods (using standard Macintosh blade or fiber optic) was also statistically significantly different (p<0.001).
Discussion
We analyzed 2379 patients undergoing elective surgical treatment of the thyroid. The incidence of DI was 6.81%. In our previous study 10 on 2000 patients undergoing thyroid surgery, the incidence was 5.5%. A similar incidence (5.3%) was demonstrated in a study by Bouaggad et al. 5 . The study by Adnet et al. 11 showed the incidence of DI of 8%, and the study by Ammatei et al. of 11.1% 6 . Shah and Gupta in their recent study showed the incidence of DI in thyroid . Given that the incidence of DI in other branches of surgery in patients with no anatomic anomalies of the head and neck was about 1% in most 
Fig. 1. Sensitivity and specificity of individual risk factors for difficult intubation (DI).
studies 12, 13 , it is clear that the risk of DI in thyroid surgery is several times higher than in other subpopulations of patients. On the other hand, the wide range of the incidence of DI in thyroid surgery (from 5.3% to 16.5%) can be explained by different definitions of DI, but also there is an important question how many anesthesiologists were included in these studies and how experienced they were, which was not clearly defined in most studies. In our previous study, all 2000 patients were intubated by two experienced anesthesiologists, and in the second study more anesthesiologists were involved, including younger anesthesia residents, which may explain the higher incidence of DI in the second study.
Our study showed DI to be more common in older patients, although age was not an independent risk factor. This is consistent with the results reported by Loftus et al., who showed that older age was a risk factor for DI 14 . It is assumed that poor dentition and osteoarthritic changes, often seen in this subpopulation of patients, may be a contributing risk factor for DI.
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Predictors of difficult airway management in thyroid surgery
Although both study groups included more females, DI was significantly more prevalent in men, which is consistent with the results of our previous study 10 . Results reported by Bouaggad et al. 5 are in accordance with our results. However, some studies have shown that the incidence of DI is higher in women 6 , while others showed the incidence of DI to be similar in both genders 7 . Dislocation and/or stenosis of the trachea were significantly more present in the group with DI in our study. This is the reason why in our Center, an xray is required prior to thyroid surgery. Some studies dispute the importance of dislocation of the trachea as a risk factor for DI in thyroid surgery. In the study by Hong et al., it was shown that the incidence of DI was 7% in patients with tracheal deviation and 5% in patients without tracheal deviation, which was not statistically significantly different, and the authors concluded that preoperative x-ray was not necessary 15 .
Our study showed that one of the independent predictors of DI is surgical diagnosis, i.e. thyroid gland disease (with a sensitivity of 37%). The analysis of primary diagnosis in the group of patients with DI showed that the highest number of DI were present in the group of patients with multinodular goiter, followed by the group with hyperthyroidism and those with cancers, and the least in the group with nodular goiter. Since patients with multinodular goiters, as a rule, have maximum dimension of goiter, and those with nodular goiters the least thyroid size, this indirectly proves that the size of goiter has the largest share in DI occurrence, as shown by the results of a recent study by Agarwal et al. 16 . The circumference and length of the neck in our study were singled out as one of the most important risk factors for DI and as an independent predictor of DI in thyroid surgery. The highest sensitivity was observed precisely with this test, while the specificity of this test was (not surprisingly) the lowest. This test was expected to be one of the most powerful predictors of DI in this branch of surgery, since extremely enlarged thyroid gland (which also leads to dislocation of the larynx and/or trachea) certainly contributes to the high neck circumference. Similar results have also been reported by other authors; among all risk factors that were evaluated in the study by Khan et al., neck circumference and Mallampati score greater than 3 were the most important predictors of difficult intubation 17 . Studies by Lacoste et al. 18 and Voyagis et al. 19 also demonstrated that a large neck circumference (as a result of thyromegaly) significantly influenced the occurrence of DI in thyroid surgery. Increased neck circumference, whether as a result of thyromegaly, obesity or other reasons, causes DI as an independent risk factor or associated with other factors, as shown by numerous reports 20, 21 . Furthermore, it has been found that circumference of the neck has a predictive value even in lean patients 22 . A history of previous DI was an independent risk factor for DI in our study and had the highest specificity of 95%. The study by De Jong et al. demonstrated a significant relationship between the history of previous DI and the occurrence of DI 23 . Lundstrøm's study supports the fact that previous DI represents a significant risk factor for DI, but the author did not show that it was an independent predictor of DI 24 , as it was the case in our study.
Recessive mandible in our study was also an independent predictor of DI. Bouaggad et al. in the study conducted on 320 patients observed no statistically significant difference in the prevalence of patients with recessive mandible between the groups with and without DI 5 . However, recessive mandible in that study was noted in only 3.4% of the total number of patients, while in our study recessive mandible was present in 10.5% of patients. In addition, Bouaggad et al. 5 excluded patients with anomalies of the upper airways and for defining DI, they used the Intubation Difficulty Scale, which minimally takes into account the characteristics of patients. These differences may be the reasons for different results of our study and those by these authors.
Patients with long and asymmetric teeth were significantly more present in the group with DI. Tooth characteristics were also an independent risk factor for DI in our study. Results of the prospective study conducted by Eberhart et al. 25 showed a statistically significant association between the existence of protruding front teeth of the upper jaw, Mallampati score and the possibility of mouth opening with the occurrence of DI. The authors demonstrated the significance of the examined parameters individually and their combination in predicting DI. Dentition Nevena Kalezić et al.
Predictors of difficult airway management in thyroid surgery abnormalities have been shown to pose a significant risk factor for DI 26 . Oral anomalies exerted significant influence on the incidence of DI in our study. Macroglossia was identified as an independent risk factor in other studies as well 27 . Many studies indicate the necessity of additional equipment besides the standard Macintosh laryngoscope, primarily fiber optic bronchoscope in order to resolve a problematic airway [28] [29] [30] . In all patients, including those who had a very high-risk score and where it was almost certain that DI would occur, we primarily tried to intubate in a conventional manner, using Macintosh laryngoscope. The inability of glottis visualization and of intubation in 1-3 attempts was considered as impossible intubation, and then we intubated using fiber optic bronchoscope. This scenario occurred in nearly 25% of DI cases. Although Maldini et al. 31 presented advantages of the Bonfils Retromolar Fiberscope usage in the cases of anticipated difficult airway, we had no possibility of this device application in our Institution. The incidence of impossible tracheal intubation varies from 1 to 2000 cases in elective surgery, more than 1 in 250 in obstetrics, and up to 1% in emergency states 32, 33 .
Conclusion
Dislocation and/or tracheal stenosis represent a significant risk factor for DI, not individually, but in combination with other factors. Evaluation of the airway prior to thyroid surgery should include a larger number of examinations including preoperative xray of the neck and chest. Our study found that the strongest predictors of DI were history of previous DI, thyroid gland disease, size of the neck (circumference and length), recessive (retrognathic) mandible, teeth (irregular, large) and oral anomalies (small mouth, macroglossia).
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